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SUMMARY

The problem treated in this paper is that of the
stresses in a torsion box with & large rectangular cut-
out. The theoretical treatment is confined to stresses
termed the "primary stresses." Comparison of the theo-
retical results with strain-gage data for a series of
cut-outs indicates that the primary stresses are probably
adequate for. designing the major-part of the structure,
the only important exception being in the design of the
cover sheet in the full section adjacent to the cut-out.

INTRODUCTION

The importance of cut-out problems in aircraft shell
analysis is well known. Many of these problems can be
treated with sufficient accuracy as stress problems in a
plane and are then amenable to relatively -simple treatment.
A cut-out in 'a torsion box, however, can be dealt with in
this manner only if the cut-out is small. A solution that
remains valid for large cut-outs requires considerations
of the action of the entlre space structure, and a complete
analytical solution would be very cumbersome. A practical
exnedient -for alleviating this difficulty is to effect the
solution in steps comparable to those taken in the analysis
of stiff-jointed trusses. In truss analysis, the first '
step consists in finding the so-callied “primary stresses"
by simple methods. In the second and more difficult step,
the so-called “"secondary stresses" are found. These
stresses are theoretically quite large, sometimes larger
than the primary stresses, but designs having satisfactory
static strengths can often be produced with very little
labor axpended on the determination of the secondary’
stresses by using apnroximate methods and by taking advan-
tage of the fact that ylelding tends to eliminate stress
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concentrations. Even when this fortunate siltuation does
not exlist, the sevarate calculation of the primary stresses
offers such imvmortant advantages in clarifylng the calcu-
lations that it is standard procedure for trusses.

Por similar reasons, the present paper gives what—
might be called a primary-stress analysis for the torsion
box with a cutsout of any size. A study of the strain-
gage data presented indicates that the stresses obtained
from the primary-stress analysls are probably adequate
for designing the major part of the structure uffected
by the cut-out, the only imvortant exception being the
cover sheet-in the full box sectiocn adjacent to the cut-
out. T T ' o

SYMBOLS

-

Symbols, including subscrints, relating to the
geometry of the structure sre shown in fizures 1 and 2.
Conventions for coordinates are shown in figure 3.

a length of closed box, inches

b . width of box (shear web to shear web), 1lnches

c depth of box (cover sheet to cover sheet), inches
d half-length otf cut-out, inches

h width of net section (one sicde)}, inches

k

fraction of total torgue-carried by shear webs
in cut-out bay ' I ' o

q shear flow (running shear), pounds per inch

15 - - "basic" shear flow, pounds per inch (T/2bc)

t ' thicknéss of wall, inches

¥ distance from neutral axis of net section to
coaming stringer, inches

A ‘¢ross-sectional area of member carrying-direct'

stress, square inches
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Ay - enclosed area of torsion box (be), square inches

Cc, C1 coefficients defined in text

t

Young's modulus, kips per square inch

Q2

shear modulus, kips per squsere inch
moment of inertia of beam, inchesh
bending moment in beam, inch-kips

neutral axis

O = B o
7 .

-8tatic moment about mneutral axis of the portion
of beam cross-section lying between exXtreme
fiber and fiber under comsideration, inches>

surface area of one wall in one bay, square_;nehes
torgiuie, inch-kins L e ioin

transverse shear force in beam, kips

E < 9 W

internal work stored, kip-inches SRR

direct stress, ksi

Q

T . s8hear stress, ksi.

The quantities M, I, @, =znd V apply to the net
gection of the cover considered as &a beam bending in its
own plane.

Station numbers indicate the distance in Ilnches from B

the transverse center line of the box.

METEOD OF THEORETICAL ANALYSIS R

The problem considered is that of a tor31on box of -
rectangular -cross-section with a centrally located rec-
tangular cut-out in one cover (fig. 1). Torgue-transfer
bulkheads at. the ends of the cut-out separate the box
into two closed bays and one open or cut-out bay. The
structure is at first assumed to be symnetriceal about a
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transverse plane as well as about a longitudinel plane.
Procedures for taking into account some dissymmetries
will be indicated.

Theory of Symmetrical Structure

In order to facilitate the calculation of the primary
stresses in the structure, sll direct stresses are assumed
to be carried by concentrated maain rlange members as indi-

. cated in figure 2. The contributions of such stringers
as may be nresent and of the sheet to the dlrect stresses
are taken into account by making sultable additlons to,
the areas of the actual muin flanges. This method of
simplifying the box structure has been used extemsively
by many authors for similar problems and is analogous to
the procedure of -adding one- sixth of the web area to each
flange area for the analysis of a plate- girder.

Tt may be noted in figure 2 that the "coaming!
stringers (stringers bounding the cut-out) of the sim-
plified structure do not extend beyond the cut- out,
although good design practice wouvld requlre them to extend
beyond the cut-out in an actual structure. This simpli-
fication was based on the observation that in actual
structurss the stresses in these extenslons decrease
ravidly with increasing distance from the cut=out and
consequently furnish only a# small contribution to the
strain energy of the torsion box. It is necessary, of
course, to assume that the cap strips of the torgue-
transfer bulkheads have sufficisnt stiffnesa against—
bending in the plane of the cover to function as abutments
for the coaming stringers; infinite stiffness will be
assumed in the following theoretical development.

In a rectangular torsion box of constant section
without a cut-out, the dlivision of the applied torque T
between the two palrs of walls is statically determinate:
the pair of cover sheets carries one-half of the torquse,
the pair of shear webs the other half. 1In a torslon box
with a cut-ocut, the division of the torque is statically
indeterminate., Tf kT denotes that part of the torque
that 1s carried by the shear webs in the cut~out bay, the
part carried by the uncut cover and the net section of
the cut cover in the same bay is then (1-k)T. Filgure 5(&)
shows the shear flows in the cut-oubt bay expressed in
terms of Xk and the “basic!! shear flow

3
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qp = =2 - = (1)

that would exist if there were no cut-ouvt. With the shear
flows tlms deflined, the forces or stresses in the coaming
members and in the corner flanges can be found by applying
the equilibrium equation D> X = 0 to these members.
Finally, the shear flows in the closed box can be estab-
lished from the condition that the internal torque must
equal the applied torgue and from the equilibrium condl-
tion > X = O applied to the corner flange. All the
shear flows and direct stresses arée thus found in terms

of the appnlied torque and the fraction k as shown in
figure 3,

The fraction % 18 statically indeterminate and is
calculated by avnplying the Principle of Least Work

OW
ol (2)

The internal work W is

h

2 )
o — T -, o) . :
(1] J—EG av + JZE av . N (5 )

where dV is the elemental volume of materisl stressed
and the integration extends over the entire structurs.
The expression (2) can therefore be written in the form

oW _ I o1 g 00 .. - _—
ék_bekdv+fEbkdv_o (k)

which may be transformed into —_—

W _ N\ 2038 g o0 -0 -
M Gékt+fEGkAdx_o (3)

where S " 1s the surface area of a given wall in a given
bay, no integrations being required for the shear stresses,
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which are constant In each wall of = Zlven bay. By
inserting in expression (5) values for g and o© from
figures 3(a) and 3(b) and sevarating terms, it is readlly
found that

k = ——— : (6)

where
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When the net section is very narrow,
procedure 1s to add C7 to C8

as well as

a more convenient
C'7 to

crg

and to split the resulting terms into two new terms that

can be written as

eb2a2

C7a = 3T

_ L43d2 (b + h)

where T

in the plane of the cover sheet.

should be considered the "effectivel

1s the moment of inertia of the net
(one side) which is considered a beam that resists bending
Under these conditions,
width of net section

C'?a = C?a
oiq, = 28B4
8a © 3E azn
section

resisting the transverse shear force and htp the effec-

tive shear area of ‘the net section.

consequently, h
become very small compared with b.

the terums and Cgg

C3

becomes very small at the -same time.

In an actual structure,

In all cases, the
spar cap must be consldered a part of the net section and,
cannot become zero, although it may
To define

the walls carry riot only
shear stresses but also direct stresses and,

stringers carrying direct stresses are attached to the

cover sheets,

In order to. accocunt for thesé stresses,

in most cases,

the flange area in the simplified structure is taken as

the sum of the flange area in the actual structure and

the "effective area® of the cover sheet and stringers.

In plate- girder design,
taken as 1/6 of the actual area.

the effectlive area of the web is
‘Experiments have shown

that a smaller fraction should be used for the box covers

h

h and th
with ary degree of accuracy when the net section is narrow

may be difficult, but this difficulty is immaterial becauses
containing h 'and ty, &re then

sm&ll compared-with Cya unless the length of the cut-out
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(reference 1); a value of 1/20 is suggested if the length-
width ratio of the full section of the cover is more than
2, and this value should be reduced for smaller length-
width ratlos.

Deviations from Symmetry

Deviations from symmetry in the actual structure may
be approximately accounted for in the usual manner by
using sverage values. Since all the coefficients are
added, an inaccuracy in one coefficlent caused by averaging
will normally have no serious consequences on the final
result. ~ The proper procedure for taking account of
dissymmetries. in sheet thicknesses t and areas A would
be to divide the avnropriuate coefficlent ¢ 1into two
parts; for instance, 1if the top and bottom cover sheet
in the closed box are not equal, the coefficient

Lpa

C)"‘ = atbz

would be replaced by

.2bd ' 2bd
+

¢ =

atbatOp atbzbottom

If the structure is not symmetrical about the trans-
verse plane through the middle of the cut-out, the direct
stresses will not be zero gt this plane; thst is, the
point of inflection of the beams 1g8 not at the middle of
the ‘cut-out. In such a case, an arbltrary transverse
plane 1s assumed to sSeparate the structure inbto two parts,
and a value of k 1s computed for each part. The plane
of separation is then shifted until the values of k for
the two parts of the structure become egual.

TEST SPECIMEN AND PRQCEDURE

The teatspecimen was ths rectangular torsion box
shown in figure }, loaded by couples at the two ends so
that thers was no restraint sagainst warping of the cross
section. -

“d
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The box was tested in five conditions, the main
differences being in the width of the cut-out and in the
bulkheads. The widths of the cut-outs are defined by the
widths h of the net section, which are glven together
with all other basic data needed for analysis Iin table I.
The end bulkheads were attached directly to the skin in
all cases. The lntermedisate bulkheads were "floating'" on
the Z-stringers as shown in the lower right corner of
figure l;. The torque-transfer bulkhesds were. of construc-
tTion similar to that of the intermediate bulkheads but
were floating only on the bottom stringers; at the top,
they were attached directly to the skin by means of the
transverse coaming members. For case 5, the aluminum-
alloy torque-transfer bulkheads were removed and replaced
by steel bulkheads attached to the bottom and top -skins
as shown 1n the upper left corner of Tigure . The two
intermedlate bulkheads in the region of the cut-out were
removed after the test ol caze 3. For convenience of
reference, the condition of the bulkheads is indicated by
the diagrams at the top of figures 5 to 9. ©No special
reinforcements were provided along the longitudinal edges
of the cut-out (the Z-stringers serving &as cosming. -
‘stringers) in order to have.nigh direct stresses in the
net secticn and thus to obtain a sensitive check or the
theory.

The load was measurel by a dynamometer to .an accuracy
somewhat better than 1 percent. Strains were measured
with Tuclterman optical strein sages of 2-inch g=gé length
with a minimum reading of 20 psi. Lon?itudinal direct
strains were messured by gages locatec over the Z-stringsers,
The shear strains were obtained from strain gages located
on the sheet between stiffeners and oriented at L5°
and 135° tco the axis of the box. A load-strain plot was
made for each gage, and the slopse of the straizht line
through the test points was used to determine the strain
8t the maximum torque used. Readings weére rejected if
the straight line missed the origin by more than 100 psi,
or 1f the points 4id not fall on a stralght line within
a scatter . limit of less than about 60 psi.

Strain’ readings were taken around the entire peéerimeter
and along the entire length of the box. Becdause the box
was doubly symmetrical, the readings obtained in the four
quadrants could be reduced by averaging to a single quad-
rant with an appreciable increase in rellsbtility of the ~
final result. For converting strains to stresses, Young's
modulus was taken as 10,600 ksi and the shear modulus as
l},000 ksi.
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ANALYSIIS OF RESULTS

Thecoretical Calculations

The -basic.data used in applylag the proposed method
of analysis are given in table. I.  The width h of the
net section was taken as the distance between the centrold
of the-Z~stringer acting as coaming member and the centrold
of the steel angle forming the corner flaunge. The effec~
tive area of this steel angle was taken as three times the
actual area., The oresence of all full-floating bulkheads
was disregarded in the calculations because inspection of
the test.data indlicated no discontinuity in the stresses
at station 42.75, where these bulkheads were located.

(See, for instance, fig. 5.) The equlvalent thickness %R

of the semifloating torgue-transfer bulkheads was estimated
as follows.:

The Z-stiffeners deform while transmitting & shear
force from the bulkhead to ‘the skin as indicated in
figure .10. By special tests on a Z-stiffened panel 1t
was established that this deformation can be caleulated N
on the asswmption that the web of the Z-stiffener 1is .
built-in at both ends and that- the effective width of the
web partaking of the deformation is equal to 0.7 the depth
of this web if the stiffeners stop at the bulkhead and - .
1.l times this cepth if the stiffeners continue well )
beyond the bulkhead. - (A similar test with hat-section
stiffeners gave a coefficient of 0.9 instead of 0.7,
probably because the fixation of the web at the closed
end of the hat is more nearly nerfect than.on the
Z-stiffener.) With these data, the .dlsplacement of the
stiffeners under a uhit tangential force acting along the
edge of the- bulkhead-was computed. This displacement was
divided by ‘the depth - of the box to obtain an "equiva-
lent shear strain'. of the bulkhead, which was used.in
turn to compute the equivalent thickness.

The calculated values of the coefficients C and
the fractions k are shown in table TI. Inspection of
the table indicates that in case 1, the small equlvalent .
thickness of the bulkhéad makes the cpefficlient- Cg :

predominant; as a result, the value of "k 1is only slightly
above 0.5; that 1s to say, the division of the torque
between the cover walls and the shéar webs does not difrer
greatly from the division that would be found in & closed
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box. As the cut-out becomes larger (case . 2), the
term C7g containing the bending stiffness of the net

section against lateral bending becomes appreclable, and
in case 3 this term becomes very large and the value of "k~~~
thus becomes much larger. The physical interpretation of

thls result is that the shear webs now carry a larger
portion of the torgue. C(Casse h is identical with case 3
insofar as the theoretical calculation ‘is concerned. In
case 5, where the extra flexibillty of the bulkheads
resulting from their floating arrangement hes been T
eliminated, the lack of lateral bending stiffness in the

net section with the corresponding predominance of C7a

causes Lk to come very close to unity; that 1s, the
shear webs carry nearly the entire torque.

*In table III uare shown the calculations of the shear
flows in the individual walls and of the stresses in the.
coaming stringers. The calculated shear flows may Pe
compared Jdilrectly with the average ‘experimental shear
flows. On the net section, it was not possible to obtain
experimentallv the average shear flow over the entire =
section, because the séction is too narrow to accomodate
an, adequate number of strain-gage statlions. 1In order to -
overcome thnis difficulty, valués of the static moment Q
were calculated for each strain-gage station used, and
these values were averaged at any glven cross section to
obtain the value of &gy given in the table. The shear

flow qp was then obtained by multiplying . the transverse

shear force  V acting on one side of the net section '
by Gavy and dividing by I. The shear flow qh calculated

in this manner may be' compared with the- expérimental shear
flow obtained by averaging the results from the strain
gages’ at the cross section being considerea. - B

The stresses in the coaming stringers were calculated
for one crass section by the formula“

_ Wy
=TI

where x 1s the distance of the cross section chosen from
the middle of the cut-out. The cross section chosen is

the strain-gage station nearest the end of the cut-out,

so that a direct comparison between calculated andg’ experi—
mental stresses may be made a3 shown in the last column

of table TII. :
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Comparison Between Theoretical and Experimental

Average Shear Flows

Pigures 5 to 9 show the theoretical and the experi-
mental values of the average shear flows in the walls of
the test specimen for the five test cases. 1TIn a comparlson
of theoretical and experimental results, the follo#¥ing
observations concerning the experimental values should be
borne in mind. ' o

The reliability and therefore the relative weight of the

experimental points varies widely because of the large
variation in the number of gage stations represented by
one point on these figures. One point for the cover sheet
of the closed-box reglon or for the bottom cover sheet”
represents 15 gage statlons at two sections, or a total

of 30 gagze stations. One polnt for the shear web repre-
sents four quadrants with 3 zage. stations each, or a total
of 12 gage stations. One point for the net section of the
top cover sheet represents four quadrants with %3 stutlons
each In case 1, 2 stations each in case 2, and one stution
each in cases %, li, and 5, or totals of 12, 8, and l sta-
tions, respectively. For voints lying on the center line,
the numbers glven for each case must be divided hy two.

The stresses in the shear webs at—statlion 0 and 12.5
in cases 3%, li, and 5 appear to be too high, and a static
check of internal against external torque indicates
something amliss at these stations. The atresses are
believed to be too high as a result of buckling of the
shear webs., Rlgid-body straln gages lying across a buckle
indlcatse a fictitilous comnressive straln, which results
in exaggerated values of shear stress. Approximate calcu-
lations indicated that buckles about 1/6ly to 1/32 inch
deep over a 2-1inch gage length mlght account for the
excess of measured stress over calculated stress. Buckles
of this depth might well escape casusl visual inspection
during the test?  The stress indicated ranges roughly
from 0.65 to 0.85 of the theoretical critlcal stress,
which is probably sufficiently high to develop buckles
in a structural element slnce laboratory tests made for
the specific purpose of checkling the theory of critical
shear stress showed that buckling occurred at stresses
below 0.60 of ‘the theoretical values (reference 2). The
possibility also exists that somé progressive lowering of
the buckling stress might have resulted from the repeated
loading in the course of testing.
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finally, 1t should be remembered that the net sections
have extreme proportions considered as beams. (See fig. 11.)
The proportions are obviously such that close agreemernt
with the ordinary bending theory can hardly be expected.

If all these considerations concerning the experi- -
mental values are kept in mind, the agreement between
calculated and experimental shear flows may be considered
satisfactory. The most noticeable discrepancies appear -
in the extreme cases where very flexible (semifloating)
bulkheads are used to close off a practically full-width
cut-out, a combinabtion not likely to be found in practice.
In these cases (particularly cases % and li) there was
apparently some tendency for the walls of the box Lo act
as a series of very flexible torgue-transfer bulkheads
and thus to produce a less abrupt change of stress distri-
bution at the end of the cut-out than is produced by the
stiff bulkhead in cgse 5.

In figures 5 and 6 the shear flows,in the closed box
do not differ greatly from the basic shear flow dq < C—

obtained by applylng formulas (1) to the closed box. This
agreement might be considered to justify use of this ele-
mentary method of analysis for all very largé cut-outs
approaching the limiting condition of a full-width cut-
out. Examination of table 2 indicates, however, that such
a conclusion would be erroneous, because the close agree-
ment with elementary theory in the closed box is a result
of the fact that the fraction k is close to 0.5 and this
value in turn is a result of the extreme flexibility of
the torque-transfer bulkheads. A re-computation of k

for these two cases with stiff bulkheads assumed indicates
appreclable deviations of the shear flows from the values
given by the elementary formula. <=

Detailled: Distribution of Shear Stresses

The details of the shear-stress distribution are
shown in Figures 12 to 15 in the form of stress plots
over the developed perimeter of the box. The stresses
for cases 3 and li are shown in a single figure for
identical applied torques in order to demonstrate that
the removal of the two bulkheads in the cut-out region
had only minor local effects. Inspection of these figures
indicates that 1n some regions the shear stress 1s fairly
uniformly distributed over the wall, and cdrisequently the
average shear stress obtained by the method of analysis
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developed in this paper may be adequate for deslign pur-
poses. In other regions, however, the distribution is
quite nonuniform, and the proposed primary-stress theory
must be supplemented by another theory giving the distri-
bution of the stresses and their peak values.

The following tentatlive conclusions were drawn from
these data (figs, 12 to 15) concerning the adequacy of
the method for design: .

(1) FPor the shear web, the calculated average stress:
is probably acdeguate for design.

(2) For the bottom cover, the calculated average
stress ls probably adequate for design, except that in
the cut~out bay allowance might have to be made for
stresses of the order of q, near the edges of the sheet.

(3) In the net section of the top cover near the
middle of the cut=out, the shear ‘stresses calculated
by W/It are probably adequeate for design; near the ends
of the cut-outs, the actual distribution of the shear
appears to be almost onposite to the calculated distri-
bution, the maxlimum occurring near the corner of the cut-
out 1n the bay next to the coaming member instead of near
the neutral axis. In design, allowance should be made
for this deviation from the theory.

(4) In the gross section of the top cover, the
chordwisge distribution is very nonuniform, and the present
theory is inadequate for design. If the cut-outis nesrly
full-width, the nonuniformity ¢&isappears at a rather short
distance from the end of the cut-out; 1f the cut-out-is
not guite so wide, the nonuniformlty persists tc a larger
distance,

Distributlion of Direct Stresses

The distribution of the measured direct stresses is
shown in figures 16 to 20. Calculated stresses are shown
for the ccaming stringers in the reglon of the cut=vut
and for the corner flanges. The calculated flange stresses
are dlscontinuous at the ends of the cut-outs because the
simplified theory used assumes that the cap strip of the
torque-transfer bulkhead transmits the reactions from the
net section of the cut-out bay to.the corner flanges of
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the closed bays. Actually, these reactions are diffused
to some extent; the length of the dlffusion zone may be
estimated roughly to be twice the width h of the net
sectlion and within this zone the experimental stresses in
the flange could be expected to agree with the calculated
stresses only.  1f the measurements were taken alohg the
neutral axis of the net section for lateral bending.

The general agreement between calculated and expeéri-
mental stresses may be considered falr, particularly in
view of the fact that the results of the-calculations are
quite sensitive in some cases to small changes in the
given data. The stress in the coamling stringer is pro-
portional to (1l-k) as indicated in figure 3(b); for large
cut-outs,. . the value of k closely approaches unity and,
consejquently, the accuracy of the commuted stringer
stresses 1s of a lower order of magnitude than that of
the factor k. 1In cases 1 and 2 (figs. 16 and 17) it may
also be noted that the experimental neutral axis agrees
fairly well with the calculated axis. 1In the remaining
cases no such comparison may be made; there are only two
experimental points at any section, and the point on the
corner flange may not be used to establlish the transverse
distribution of stress because the stress at this point
is affected by bending in the planse of the shear web as
well as by bending of the net section in the plane of the’
cover,

In figure 21 are shown the stresses in the ccaming
stringers reduced to the same applied torque for easler
comparison. When the stresses rise to a high peak, they
also decrease very rapidly in the region of the closed _
box. As mentioned in the section "Method of Theoretical
Analysis," this fact furnishes the justification for
omltting the extensions of the coaming stringers from the
simplified or primaery structure used for the analysis.
Some. of the experimental curves are terminated just to
elither side of the end of the cut-cut; the points of
termination are the last experimental points, and extra-
polation beyond these points was considered too unreliable
because the curves are too steep. Of some interest is B
the great decrease in stringer stress resulting from
replacement of the semifloating torque-transfer bulkhead
(case L) by a stiff bulkhead (case 5).
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CONCLUSIONS

From a study of:.the test results and the comparison
between experimental and calculated stresses, the following
conclusions. were drawn concerning the stresses exlsting
in a three-bay rectangular box with a rectungular cut=out
in the middle bay when the box is subjected to pure torque
loading in the elastic ranges ol '

1. The theory presented appears to be adequate for
calculating the transverse shear. forces in all the compo-
nent walls of the structure., When the shear force in the
net sectlon of the cut-out cover has been found, the shear
stresses and the direct stresses in this section can be
computed by standard beam theory.

2. The stresses obtained from the theory are probably
adequate for designing all components of the structure
excepting the gross section of the cut=out cover, where
the distribution of the shear stresses deviates so much
from uniformity that an additional theory of secondary
stresses must be developed.

Langley Meﬁorial Aeronautical Laboratory
National Advisory Committes for Aeronautics
Langley Field, Va., February 26, 1946
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TABLE I
BASIC DATA
Case 1 > 3 L 5

Iten
a, in. 35.5 35.5 35.5 35.5. 3h.0
b, in. 51.4 51.0 S51.L 51.4 51.4
c, in. 10 10 10 10 10
d, in. 2.5 2L.5 2L.5 2L.5 26.0
h, in. 11.12 6.62 2.12 2.12 2.12
t, in. .063 .063 .063 .063 .063
tp, 1n. L0019l 0019y .0019L .00194 .375
¥, in. 8.823 5.581 1.929 1.929 1.929
d/a .691 .691 .691 .691 «T65
> fﬁ% | 97.0 90.3 69.3 62.5 62.5
Ay, sq in. .200 .152 .105 .105 .105
A2, Az, A}, sq in. 1.59 1.59 1.59 1.59 1.59
Ao 8q in. 514 51l 51l 51k 51l
I, in.b 36.75 10.03 1.01 1.01 1.01
Qav, in.2 3,253 1.443 .302 .302 .302
T, kip-in. 99.75 92.70 71.30 6h.12 6l.12
Tos. ksi 1.540 1.432 1.100 0.991 0.991

NATIONAL ADVISORY
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18 NACA TN No. 1066
TABLE II o
CALCULATION OF k

Coeffictent Formula Case 1 Case 2 Case 3 Case U Case §
o1 = 635 635 635 635 635

c2 = 1632 1632 1632 1632 1632

05 Fbizz 2770 6330 19780 19780 19780

o :"%% 2250 2250 2250 2250 2500

s = 38 438 438 138 186

ce %(1 821 emso 61780 61780 61780 328

C7a & b2 51,20 19870 197310 1975120 222210

. 3 Tp

o8a Lo n btb 1070 1663 4789 789 5394

o re f; 759 759 759 759 855

c10 %3 g :—: 2200 2200 2200 2200 2240
|_So 7995h | grssr | 201573 | 293573 | 256060
cra 2 1632 1632 1632 1632 1632

crg c3 3770 6330 19780 19780 19780

e, 204 - %oy -505 -505 -505 -505 -38L

crs 20+ %es 536 536 536 536 561

Crg 5 C¢ 30850 30890 30890 30890 164
Clra C7a 54,20 19870 197310 197310 222210
C'ga 22 %—22% 438 737 2300 2300 2550

crg 3 ¢cg 380 380 380 380 428
C“lo % Ci0 1100 1100 1100 1100 1120
P4 L3661 60970 253423 253423 248101
k chc—' 5461 .6250 8692 .869;9. .9689

NATIONAL ADVISORY
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TABLE III

CALCUTATION OF SHEAR FLOWS AND STRINGER STRESSES

a |a d a 9ep 9pp Ty

Case| k K1 -Xk}j(2k - 1)) g |[5{%k - 1)1 - g(2 - 1)]1 + g2k ~ 1) (lb}i).n.) (1b/1n.) |(1v/1n.) J(10/1n.)
1 {o.54h61 | 0.4539} 0.0922 J0.691] 0.0636 0.936L 1.064 97.0 90.8 103.2 | B88.1
2 | .6250) .3750) .2500 | .691 .1725 .8275 1.173 90.3 Tha? 105.9 67.7
3 | .8B692| .1308] .7384 | .691 .5095 4505 1.510 69.3 3.0 104.6 | 18.1
L | 8692 .1308| .7384 | .69 5095 .4905 1.510 62.5 30.7 9.3 16.14
5 | -9689| .0311] .9378 } .765 J17 .2826 1.717 62.5 17.7 107.3 2.89
%cq v Qav q I ¥ x Ocalc Ceaxp %gal

Cass (n,/m.)L T/2¢ | () | 1S3 | (b/tn.) 1n.b (1%.) (in.} |(1v/in.}}{1b/1n.) ;‘i—:f—
1 1105.9] L4988 | 2264 |3.253} 200.4 56.75 : 8.823 23.5 12770 17000 751
2 | na2.9{ L635 1738 |1.443 250.0 10.03 $.581 22.5 21760 21000 | 1.038
3 | 120.5| 3565 | L66.3 3021 1394 1.01 1.929 2%.5 | 20930 24800 Bl
L ) 108.7] 3206 | Lag.}y .302 125.1 1.01 1.929 23.5 18820 20,00 .923
5 {121.1| 3206 } 99.7 302 29.8 1.01 1.929 23.5 L5 5500 .81l

NATIONAL ADVISORY
COMMITTEE FOR AERORAUTICS
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Figs. la,b,2 NACA TN No. 1066
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Figure 1.- Torsion box with cut-out.

NATIONAL ABVISORY
COMMITTEE FOR AERONAUTICS

Figure 2.- Exploded view of simplified box structure.
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Figure 3.-Stresses in simplified bex,
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Fig. 6
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NACA TN No. 1066 Fig. 7
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Fig. 8 NACA TN No. 1066
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Figs. 10,11 NACA TN No. 1066
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Shear stress, ksi
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Shear stress, ksi
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Fig.
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Shear stress, ksi
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NACA TN No. 1066 . Fig. 16
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Fig. 17 NACA TN No. 1066
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Figure 1&.- Stringer stress distribution in fop cover.
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Fig. 19
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figure 20.- Stringer stress distribution in top cover.
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